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Abstract 
The selection of flood regulation plan is a multi-objective decision making, with strong fuzziness and randomness. In 
this paper, through research, problems regarding flood regulation plan is analyzed, evaluation index system is created 
in order to use bargaining right, objective and subjective weight to determine the evaluated targets’ weight, with the 
help of fuzzy matter element model to give combined assessment to each candidate plan. It is proved that the method 
bears in mind the incompatibility and fuzziness of assessments and is able to assist decision executions 
comprehensively. It is well utilized in the flood regulation process of Douhe Reservoir. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name 
organizer] 
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1. The Appliances of Fuzzy Model Element in Reservoir Flood Regulations 
In the 1960s, the founding of fuzzy mathematics and fuzzy dynamic programming opened up new 
ways for reservoir flood control. In 1990, Chen Shoubing created fuzzy optimization model for flood 
regulation. In 1994, Wang Bende utilized multi-objective fuzzy optimization model to control the flood in 
cascade reservoirs. In the same year, based on reservoir oriented flood regulation fuzzy optimization 
model, he created multi-objective fuzzy optimization model for cascade reservoirs’ flood regulation [3].
Wang Qian (2007) used fuzzy classification to classify flood. Wang Wenchuan (2009) regulates flood 
based on composite weight multi-attribute ideal fuzzy matter element decision making method. 
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2. Flood Regulation Model based on Fuzzy e matter elements 
2.1. Quick Generation of Executable Flood Regulation Schemes 
Whether it can be quick to generate multiple flood regulation schemes according to decision make is 
the key in evaluating if reservoir flood regulation system software is capable. It is also the 
pre-requirement to carry out scheme evaluation and selection. The system should also meet the following 
requirements: one is to generate real time flood regulation scheme according to any combination of 
discharge constant and interacted opening and closing devices, based on flood regulating scheme. The 
second is to be simple, intuitive and practical. This paper discusses flood control schemes based on the 
previous two requirements, to inquire the reservoir’s flood regulating arrangement using the following 
two methods: 
(1)Automatic Generation according to flood regulation rule  
Regulation system follows the current regulation rule to forecast the change of water level through 
time based on previously determined discharge rate. 
(2)Interactively Generation of flood regulation scheme 
First of all chose a current selected scheme to generate a new regulation scheme, and then 
modify the decision making of a given period of time. There are two ways of modification: one is to 
regulate via discharge rate, i.e. using human- system interaction to input discharge rate, hence 
forecast the water level change through time. The second one is to set the discharge rate according to 
filling rate of reservoir to maintain water level. 
2.2. Objectives in Flood Regulation 
According to the characteristic and experiences of flood regulating systems, there are three 
objectives considered in flood regulation: 
1. After flood regulation, it is better to have the minimal amount of water volume in the reservoir, 
i.e. to have the lowest water level. 
2. It is better to keep the water level after flood regulation close to the ideal water level. 
3. It is better to have minimal flowing rate at the control nodes downstream of reservoir. 
Obviously, the first objective represents the flood safety level of the reservoir itself. The second 
objective is to maintain control between two floods as well as maintain reservoir capacity. And the last 
objective reflects the flood safety downstream. [6]
2.3. Fuzzy Matter Element Model 
If an object is named N, with a volume value v and characteristic c, then the basic element describing 
such object is equation ),,( vcNR  , and this is matter element. If the v in a matter is fuzzy, then the 
matter is a fuzzy matter. Assume N has n characteristics nccc ,,, 21 " with fuzzy value nvvv ,,, 21 " ,
then R is n dimension fuzzy matter element. Combining m objectives’ n fuzzy matter element creates 
composite fuzzy matter element of m objects and n dimensions. They are recorded as: 
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Where in˖ mnR
~
 is the composite fuzzy matter element of m objectives and n dimensions˗ iM is
the i th matterˈ mi ,,2,1 " ˗ jC is the j th characteristicˈ nj ,,2,1 " ˗ ijP is the jth characteristic 
fuzzy value of the i th matter, i.e. subjection valueǄ
In extension mathematics, )(uK representsU ’s correlation function relating to union A and its 
value the correlation valueˈto describe if element u of the given domain U subjects to given domain A.
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Where in ff )(uK Ǆ 0)( tuK represents u’s subjection value to A˗ 0)( duK  represents u ’s 
unsubjecting value to A˗If 0)(  uK then u  can subject to A  or it does not subject to A .
Different questions are solved by different correlating functions, and in accordance to the 
characteristic of research object, this paper uses hamming distance as the correlation function to value a 
matter elements’ similar level to the ideal matter element. It is convenient to use and overcomes the 
weakness of homogenization in weight average model. 
It is common to use iHU  to represent hamming distance, i.e the i th matter element’s similar level 
to ideal matter element tˈhe greater the iHU value mˈore similar they are. It can be acquired through the 
following equation: 
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jw represents the evaluation weight value of the j th indicator. Then use iHU to creating Hamming 
closeness composite fuzzy matter element HRU ˈi.e:
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Before this paper, candidate regulation schemes and its evaluation indicator are matter and its 
characteristics, if the ideal regulation scheme is ideal matter element nR0
~
, then the regulating schemes’ 
subjection value vector to the ideal matter element can be determined by single indicator, recorded 
as ),,,( 21 inii PPP " , where in mi ,,2,1 " , then regulating schemes’ subjection value (correlation 
value) vector can be ),,,( 21 mHHH UUU " . This vector compositely considered each indicator, and 
its component value represents the merit degree of each scheme [7].
2.4. Determine the Subjection Value of Fuzzy Element Matter 
Use ijx as the j th Characteristic value of the i th matter, ijP represents its corresponding subjection 
value, then ijP can generally be calculated by the three following equation: 
The bigger the characteristic value the superior˖
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The smaller the characteristic value the superior˖
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2.5. Determine the Indicator Weight of Evaluation 
2.5.1. Bargaining Weight 
Weight value represents each indicator’s affection towards the evaluation of scheme; hence power 
weight determination often controls the merit degree of evaluation result. Common weight value 
determination methods are single layer analysis method, group weight determination method, Delphi 
method and bargaining determination method. Single layer analysis overly relies on the preferences and 
experiences of experts, rendering results inaccurate. To avoid it, using a group’s preference and 
experience to determine weight, is called group weight determination method. Delphi method requires 
several rounds of anonymous investigation and hence inconvenient to carry out. The bargaining 
determination method in this paper is a kind of group determination method, is appropriate scientifically 
and easy to use. 
Assume there are
gn
PPP ,,, 21 " , )2(!gn weight determinatesˈ the weight value kP gives 
indicator jC is kjP ˈ 10 dd kjP and
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is called interval of group constulation. 
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is called the bargaining weight of jC . And bargaining coefficient ),,,( 21 nHHHH " 
It can be calculated through the following methods: 
1. Assignment method. Weight determinate is under premise nj /1|| dH , to determine the weight 
value through bargaining. This method is simple however overly relies on subjective factors, jH has low 
reliability. 
The second result is calculated through minimal loss method. In order to let all parties to accept 
group determined weight, the loss function is defined: 
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Hence transforming the search for group weight question into the following non-linear optimization 
question: 
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Weight value 'jw is calculated through calculating the value of jH  as written in this paper. 
2.5.2. Entropy Power 
Entropy is the concept of thermodynamics, before being introduced to information theory, and 
applied socio-economic, engineering and other fields. In information theory, information is used 
to measure the degree of order, while entropy is used to measure the degree of disorder. The more 
indicators carry and transmit information, the more it affects the determination. 
When evaluating m subjects with n  indicators, it usually defines the j th indicator’s entropy 
level jH , as 
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In hereˈdefine indicator j ’s deviation degree jj HH  1 Ǆ
2.5.3. Subject and Object Weight 
Bargaining weight determination evaluates the importance of indicators, in combination to subject 
weight given by experts 'jw and objective weight jT , to determine the final weight as 
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1ˈis the combined weight of both subjective and objective weight. 
3. Optimized Flood Regulating Model for Douhe Reservoir Based on Fuzzy Matter Element 
3.1. Summary of Douhe Reservoir 
Douhe Reservoir is located upstream the River Dou, 15km north east to Tangshan City. It is a 
massive composite hydraulic project mainly used in flood control as well as providing citizens in 
Tangshan with living water and agricultural water. The River Dou is a seasonal flood river, and flood 
control area of the reservoir contains not only the whole Tangshan City, but also 1 million mu of farm 
land, transportations routes such as Jingshan Rail Line, Jingha Express Way, Jingtang Express Way and 
State Road 205, factories such as Tangshan Iron and Steel Company, Qinxin Cement Plant, Jianzhu 
Ceramics Company, Huaxin Textile Mill and Douhe Power Plant. Flood control is crucial. 
The following text selected the optimized flood regulation scheme based on fuzzy matter element, 
the flood regulating mission and characteristic of Douhe Reservoir.
3.2. Optimization of Flood Regulating Scheme 
Assume the indicator weight of the maximum occupancy of flood retaining pool, weight of water 
level after flood regulating and the weight of maximum composite discharge rate are 0.477, 0.318 and 
0.205, and assume there are three schemes for flood regulating, detailed below: 
Table1 Reservoir Flood Regulation Scheme 
Percentage
Occupied in Flood 
Retaining Pool 
(%)
Water Level 
after Flood 
Regulation
(m) 
Maximum 
Composite 
Discharge Rate 
(m3/s)
Scheme 1 85% 34.5 600 
Scheme 2 90% 34 500 
Scheme 3 85% 34 650 
Evaluate using fuzzy matter element model to get the subjection level for each scheme: 0.614, 0.523 
and 0.795, hence choosing scheme 3. 
4. Conclusion 
The selection of flood regulation plan is a multi-objective decision making, with strong fuzziness 
and randomness. In this paper, through research, problems regarding flood regulation plan is analyzed, 
evaluation index system is created in order to use bargaining right, objective and subjective weight to 
determine the evaluated targets’ weight, with the help of fuzzy matter element model to give combined 
assessment to each candidate plan. It is proved that the method bears in mind the incompatibility and 
fuzziness of assessments and is able to assist decision executions comprehensively. It is well utilized in 
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the flood regulation process of Douhe Reservoir. 
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